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* Tta« Voice Communication Laboratory was established to investigate the 
possibility of improving communication efficiency in Army Air forces, through 
training personnel in proper use of equipment, use of standard r^aiotelephone 
procedure and voice technique, ana to develop procedures end devices for 
implementing such training. A number of experiments have been conducted 
investigating various phases of this problem. This report presents data 
from three selected experiments to show the results obtained from training 
student pilot subjects in voice technique. 

In all of the training experiments of the Voice Communication Labora- 
tory, the criterion for evaluating results has been a word intelligibility 
test. This testing technique has been patterned after the word "articula- 
tion" tests which have been used extensively for testing efficiency of com- 
munication equipment. 

The following standard communication equipment in use in «rmy Air 
Forces wus employed: T-17 (hand-held) microphones; BC-S47-C interphone 
amplifiers? HO-HZ  (R-14 earphones) or HS-5S MB-H-1 earphones) headsets. 
All tests were run in a simulated airplane noise of approximately 110 db 
average level. 

The design of the typical training experiment is that of an initial 
test, then a period of training, followed by a re-test. The index of im- 
provement of en experimental group is its mean gain in test score, from the 
Initial to the final test, adjusted for differences between groups in initial 
test score. This adjustment is necessary because of the relationship 
existing between initial level and improvement, and because groups of sub- 
jects are not matched in initial ability. Since this relationship is recti- 
linear, analysis of covariance provides a convenient means of making the 
appropriate adjustment. 

Control groups are frequently used in the training experiments. These 
groups are tested at the same times as the traineu groups, but receive no 
training in the laboratory between the initial and final tests. 

Results» 

Training for a period as short as two hours produces gains in 
Intelligibility score which are greater thim that for a control 
group by amounts which are statistically significant at high 
levels of confidence. 

I 

2. Further training up to six hours shows additional improvement. 
No experiment involving a training period of more than six hours 
is reported. 

S. Significant differences exist between training procedures, indicating 
a need for careful working out of most advantageous procedures. 
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1 4«   * breakdown of the date into quartiles on tha b^sis of the initial 
test scores chows that the subjects who scored lowest on the initial 
tests muke the most narked improvement.    A considerable spread in mean 
score for the four quartiles is found on the initial test.    By the 
tine of the final test, however, the poorer subjects have improved 
sufficiently that the differences between the quartiles are ouch smaller. 

Attention is called to the fact that the student pilot subjects ucec. 
la these experiments already possessed relatively good speech habits prior 
to training.    Subjective Judgment inuicates that they are well above the 
average of the general population in this respect.    The results shown by 
training were not, therefore, the result of correcting generally baa and 
faulty articulation and pronunciation habits, or poor voice usage, but of 
training the subjects to use their voicos to good advantage in a relatively 
unique speaking situation, which Involves certain difficulties and requires some special skill and technique. 
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Various surveys of cumuimicatlcn conditions in Army Air Forces have 
revealed that voice communication is, at times, far frcm satisfactory. 
This has been found despite the fact thi.t a great dual of effort has been 
directed at improving communication equipment, tnü  ttast improvements have 
been n&de in earphones, earphone cushions, microphones, interphona em/li- 
fiers, and radio transmitting and receiving apparatus. The importance of 
good communication to pilots and sir crew neobers may b= indicated by the 
fact that, T*ien experienced SAF pilots ware asked to rate factors which 
helped to relieve fatigue during heavy bombardment missions, th:-y ranked 
good intercommunication as one of the first three. The B:JPS pilot« cousented 
that nothing was core annoying thua to be requested to repeat messages, or 
to be obliged to ask for repeats of messages. 

The fact is that, until recently, scant heed was paid to on« of the 
very important factors, in communication. Voice communication is, after 
all, a chain which may be represented schematically as follows: 

The Speaker — The Equipment The Listener 

Although the equipment link in this chain has received the lion's share of 
attention, the listener and speaker are scarce]/ less important. No ingenious 
improvement in equipment can produce its maximum effect unless the speaker and 
listener also operate with maximum effectiveness. 

The Voice Communication Laboratory was established under a relatively 
broad directive to investigate und develop procedures, devices, and materials 
for training Army Air Forces personnel in the use of voice communication 
equipment. Three specific types of skills are mentioned as those which 
should be unified under such a training program, viz., (a) opening ijid 
listening in the presence of noise, interfer«nee, distortion, jtc.j (b) us« 
of standard radiotelephone procedures; (c) manipulation of equipment, e. g., 
tuning, i.icro;ihune and earphone technique, ate. 

The major portion of the efforts of the Voice Communication Labora- 
tory, to date, have bean directed at the first of these, training in speak- 
ing and listening in the presence of noise. There have bean several reasons 
for this particular direction of effort: 

(1) This was the skill about which least was known. It was 
well knuwn that individuals differ markedly in their skill 
in speaking intelligibly under conditions of noise and in- 
terference, and in their ability to hear speech accurately 
under such conditions, but little w*s Known concerning the 
factors which produce such differences. 

(£) Training procedures in this type of skill had not been 
developed to any extent. Efforts h&d bean made in this 
direction by interested individuals in scattered locations, 
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but no systematic program had been undertaken and no evalu- 
ation of results of such training were available. Training 
methods and procedures with respect to the other skills were 
thought to be more straightforward and, hence, less in need 
of experimental investigation and trial. Teaching of standard 
procedure and its use, for example, could be dona with procedures 
and methods quite similar to those used in other types of training. 

There was some question as to whether effactive training in speak- 
ing and listening could be provided within the limits of time 
required by the already crowded curricula of AAF training schools. 
It seemed important to obtain a definite answer one way or the 
other as early as possible. 

HSHßß 2£ MMWm 1MW&. 

The method of evaluating results which has been used was specifi- 
cally chosen to measure the effectiveness of the type of training referred 
to above, i.e., training to develop skill in speaking and listening under 
conditions of noise and interference similar to those experienced in mili- 
tary aircraft. The criterion measurement for all experiments has been a 
word intelligibility test. 

The basic methodology of such tests is not new. Under the name of 
"articulation tests," they have been used extensively for many years by 
researchers of the Bell Telephone Laboratories for measuring the relative 
efficiency of telephone end other electrical communication circuits, under 
various conditions.* In recent years, the Harvard Psycho-Acoustic Labora- 
tory has also made extensive use of such tests to measure the relative 
efficiency of various kinds of voice communication equipment for the Armed 
Forces,** end such tests have been used for testing equipment by other groups, 
including Aircraft Radio Laboratory, Wright Field. The use of such tests as a 
criterion for evaluating the efficiency of communication equipment is well 
established and accepted. In the work of the Voice Communication Laboratory, 
these tests have simply been adapted to use as a criterion for evaluating the 
performance of groups of speakers and listeners. The term "intelligibility test" 
has been used instead of "articulation test" in this laboratory as being more 
descriptive of the function under study, since it is the improvement in audibility 
or intelligibility of communication that is the matter of chief interest. 

*  Cf. Fletcher, H., fifiaacil and Hearing. D. Van Kostrond Company, New York, 
1989, Part Four, Chaps. III-VII. Also 
Fletcher, H. and Steinberg, J. C, Articulation Testing Method a. 
Bell System Tech. Jour., VIII, 1929, 806-854. 

** Cf. Articulation Taatinir Methods,. National Research Council, Committee 
on Sound Control, Feb. 1, 1942. 
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Pa«erinttan of firoerlmmtal Boom and Tasting Procedurt 

Figure 1 is a schematic diagram of the experimental room. It is «quipped 
with an interphone system, made up of standard Signal Corps components used in 
Army aircraft. Twenty stations, each equipped with a headset and sicrophone, 
are located around three sides of the room. Two stations ire located at the 
control tuble for the monitors. The interphone circuit is so arrcn^ed thr.t 
all stations may be included on one circuit, or the stations ray be divided 
among either two or three circuits. For all experiments reported here the 
basic components of the interphone system have been: T-17 (hand-held) micro- 
phones! BC-S47-C interphone amplifiers; end either HS-2S (fi-14 earphones) or 
HS-55 (ANB-H-1 earphones) headsets. In addition to the interphone system, 
an essential port of the room is the noise producing apparatus. It consists 
of an electronic noise generator and power amplifier, both locr.ted on the 
control table, wad a loudspeaker for projecting the sound into the room. 
The noise is similar in spectrum to that found in typical military aircraft 
in flight end has an average level in the rowia of 110 db. Recording equip- 
ment, anu any other devices used in training, may also be located on the 
control table. 

o 

o 

As used in the typical training experiment, a tsst consists of twenty- 
four words read by a cadet speaker to a circuit of eight to ten cadet lis- 
teners.    The listeners are provided with she-its of answer blinks on which 
they write the words as they hear them.    The noise is turned on throughout 
the time that a test is being read.    A speaker's intelligibility score con- 
sists of the percentage of correct responses written by the listeners for 
the twenty-four words read by the speaker.    For example, if ten listeners 
write an average of eleven correct responses for a certain speaker, there 
would be a total of 110 correct responses out of a possible total of 840. 
The speaker's intelligibility score would be 110/240 or 46£. 

The usual testing procedure is to divide the stations into two circuits 
and test two speakers simultaneously, one on each circuit.    All subjects act 
as listeners except at the time when they m reading their own test lists. 
Since there is some variation in noise level from station to station, one 
station in each circuit is designated us the speaker's station.    Each sub- 
ject goes to the speaker's station on his circuit when his turn comes to 
read his test list.    The noise level is thus a constant for all speakers 
within each circuit.    The tiroup of subjects tested en a single circuit nre 
kept as nearly intact ae possible from me teet to another.    Subjects are 
never changed back and forth from one circuit to another when scores from 
two sets of tests are to be compared.    If, due to absence or elimination of 
cadets, subjeots are present on ;ns test, but not on another,  scores are com- 
puted using only the papers of those listeners who wer* present for both of 
a speaker's tests.    Thus, scores which are to be compared are always obtained 
with a constant personnel composing the listening group. 

This testing arrangement and the use of short test lists (twenty-four 
words) have made it possible to test twenty to twenty-four subjects in one 
hour.    This was necessary, if the testing procedure was not to occupy a 
disproportionately large amount of the available time of the subjects. 
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lb« test lists were mad« up with considerable care, and analysis of results 
has demonstrated that, with groups of the size used In the training experi- 
ments, tests of this length yield mean scores of satisfactory reliability. 
A complete discussion of the construction of the test lists end of the 
statistics concerning their reliability is contained in a separata report.* 

SUUi USE Choice o£ a Word Test 

The choice of a word test, rather then a sentence test, or some other 
type, was based on several considerations, some of them of a very practical 
nature. A test w:s required that could be administered to sizeable groups 
within a short period, not more than one hour. The test had to be one that 
could be easily scored by workers without special skill. It h.v.d to be suf- 
ficiently reliable, and of sufficient discriminating power to provide reli- 
able measurement of differences between groups and batwa-jn  tests uid rj-tests 
for s. single group. Lastly, but by no mians least important, a test was re- 
quired that could be assumed to be reasonably wild. No test that completely 
fitted all of these requirements was available, sad time did not permit spend- 
ing months in developing one. A word test, while not perfect, seamed to satisfy 
these criteria reasonably well end was more readily adaptable to the particu- 
lar needs of the experimental program then any other. 

A sentence test, or other connected speech test, involves certain dif- 
ficulties which make its use difficult, if not impossible, under the cir- 
cumstances existing in the laboratory. In the first place, the administration 
time is excessive. Ifuch core time is needed to test each speaker since it 
tckes more time to speck each item. Much more tln^ for test development 
would have been required. Many hundreds of test items would have had to be 
written, tried out, and analyzed for discriminating power before on -dsquats 
number of tests of equal difficulty would have been available. The scoring 
of most types of sentence tests is less convenient, and, in the hands of un- 
skilled help, probably less reliable. All of these considerations nake a sen- 
tence type test impractical for use In evaluating most training experiments. 

Validity of £ W>rcj Teat 

A point sometimes questioned concerning a word test used for this pur- 
pose is its validity. Although there is little objective evidence available 
on the point, there is considerable logical evidence to support the validity 
of a word test as used in the experiments. The men speak and listen with 
standard equipment of the sort they will be called on to use when flying. 
They speak and listen under conditions of noise similar to those existing 
in military airplanes. A not Inconsiderable psrt of practical voice com- 
munication in Air Forces is made up of single words, especially where nes- 
sages are ceded into code words :ir nuubers. Even where connected speech is 
used, short phrases are the rule, and one or two words may carry the a.aln 
content of the phrase. In other words, the test is a reasonably realistic 
job sample of the communication work which the men are actually called on 
to perform. 

* Intelligibility M»wr«a,6nt—iMstmlwaa ml Procedures liasi & J&s Salsa 
CflMHataatlan Laboratory,, in process of publication. 
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In addition to ouch logical grounds for assuming validity, there is & 
limited amount of objective data.    The relationship between intelligibility 
scores obtained on sentence tests end scores obtained on word tests under 
similar conditions has been determined.*   Data also is available with 
respact to the relationship between scores obtained for sentence tssts 
and those for syllable tests.**   In both cases, ths relationships, though 
curvilinear, ore positive end appear to b% high.    Although these data ex« 
basad on differences in signal level, distortion, nois-s levels,  jtc., 

' rather than individual differences among speakers, they do show that there 
is a positive relation batween intelligibility as measured by connected 
speech tests, such as sentences, and as measured by tests which uss more 
fractional elemants of speech, such as words and syllables. 

Probably the most serious objection to the use of a word test in 
evaluating the results of training in voice technique for communication 
work is that some elements, which may contribute to the relative intelli- 
gibility of connected speech, arc not measured in a word test.    This may 
well be true.   However, in so far as it is applicable, it would sein to 
mean that the tests do not show the whole picture, rather than that the 
picture obtained from such tests is inaccurate.   Where improvement, fol- 
lowing training, is found through use of a word test, it cay be that the 
test fails to measure all of the factors which have been affected by train- 
ing, and that a more adequate sampling of these factors w.;uld indicate even 
more substantial improvement.   On the other band, it hardly seems likely 
that improvement obtained by testing with words would be shown to be spurious 
if a test providing a more camplat* sampling of speoch factors were employed. 

OQfEfiAL METHODOLOGY. QF TRAINING EXPfflUMEMTS 

o 

The general design of most of the training experiments has been that 
of an initial test, then a period of training, followed by a rs-test. The 
index of improvement of a group is the gain in scorJ between the initial 
and final tests. Ordinarily the subjects have been given the initial test 
during the second hour that they report to the laboratory. The first hour 
1B usually devoted to satisfying the curiousity cf the cadets as to why they 
are required to come to the laboratory, explaining in a very general way 
what will be expectad of them, and giving preliminary instruction in the 
use of the equipment which will be employed in the testing. It has been 
the unanimous opinion of the laboratory that the time spent in such prelim- 
inary indoctrination wes amply justified by bittar rapport with the subjects, 
and more adequate motivation for the tasting and training work which followed. 

The content of the training woxk, in the experiments to be discussed, 
has bsen directed almost entirely toward improvement in Voice technique. 

* Articulation Testing Methods, National Research Council Comnitte» on 
Sound Control, February 1, 1942, P. 55. 

** Fletcher, H. and Steinberg, J. C, Articulation Testing Kathtfflflj Still System 
Technical Journal, VIII, 1929, P.4S. 
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Subject« have been instructed In such matters as the loudness level of 
voice for gratest intelligibility, adequate rate of speech and phrasing of 
messages, good clear articulation end pronunciation, proper pitching of 
the voice for communication in noise, etc. Lecture and discussion have 
typically been held to the minimum necessary to give the subjects the 
information upon which to base intelligent practice. The creator portion 
of the class time was devoted to practice and drill, working toward devel- 
oping these techniques of voice. For such practice, messages, phrased in 
standard radiotelephone procedure language, such as pilots end air crews 
are called on to speak and be abl9 to understand, were used as much as 
possible. Use has been made of demonstration recordings to illustrate 
various faults and to show the difference between good and poor intelli- 
gibility of communication. Recording equipment has at times been used so. 
that subjects could hear themselves, uid arrive at some better estimate 
of how they sound to others when talking over the Interphone or radio in 
noise. Throughout the practice and drill the instructor has acted as guide 
and critic to point ->ut faults, make suggestions for improvement, and keep 
the practice moving as rapidly cs possible. The instructors for the train- 
ing experiments were men who had several years of college jr university 
experience in tsaching speech. However, except for the experimenti.1 pro- 
gram, in which procedures end training methods are being developed, It is 
not considered that instructors with such specialized experience and train- 
ing will be needed. The laboratory now has, in process of publication, 
manuals, syllabi for instructors, etc., which should make it possible for 
any good teacher to do a successful job of giving this training. Experi- 
ence in teaching speech might be helpful, but by no ir.eans prerequisite, 
to instructing in this training work. 

Control groups have frequently been used in the experiments. These 
were groups which were tested initially at the same tine us the groupB to 
be given the experimental training treatments, were then dismissed, and 
were not seen again until the time of the final test some days or weeks 
later. As will be shown (see Figures 2 and 4), it has been usual to find 
that the control groups made improvement. This w-s to be expected, since 
they hMd, by the time of the second test, received training from at least 
three sources. One, they fly almost dally and hence make use of inter- 
phone end radio equipment in noise. Two, the ground school at the Waco 
Army Air Field devotes a portion of its course in fiadio Coucunicütion to 
some training in voice procedure and technique. Three, the test situa- 
tion itself provides a rather considerable learning experience. In the 
process of taking the test, the subjects spend an hour listening and speak- 
ing in noise. They hear nine or ten different cadets speak words over an 
interphone system in noise, and they no doubt form opinions as to why some 
are easier to understand than others. In addition, it is not improbable 
that cadsts from the control groups pick up information from the cadets in 
the groups undergoing training. In a sensa, then, such groups are not 
strictly control groups. They do, however, provide some base against which 
to evaluate the improvement of the experimentally trained groups, and any 
error made by comparing the controls and the trainea groups is probably on 
the conservative side so far as evaluating the results of training is concerned. 

Wl 
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On* additional point concerning «valuation of results, not covered in 
the preceding section, ought, probably, to be discussed here. The system 
of testing used, wherein the subj sets for training act as both speakers 
end listeners during the test, yields a score which is not only a function 
of the intelligibility of the words as uttered by the speakers, but also 
a function of the skill of the listeners in correctly identifying them 
and writing them down. In so far as the some persons act ts listeners 
for both the initial and final tests; end in so far as their skill in 
listening is a constant from test to test, this provides no problem. The 
latter, however, is probably not true. It is not improbable that the sub- 
jects improve as listeners to soma dagree, as well as improving in voice 
technique. The improvement on the speaking end and the improvement on the 
listening end are confounded in the improvement scores actually obtained. 
The only way, whereby a pure measure of improvement in voice technique or 
speaking ability could be obtained, would be to use as listeners a group 
who would remain constant in listening skill from test to test. A group 
of listeners, who had been trained until they hud reached, or approached 
closely, the asymptote of their curve of listening skill, would meet this 
requirement. No such group has been available for our experiments, and 
subjects who could be thus trained and used as a criterion listening group 
over a period of time could not be obtained. However, rather cueful con- 
sideration of this problem has brought us to the conclusion that it is not 
serious. After ell, the important objective of training is to achieve the 
maximum over-all improvement in communication efficiency. It probably mat- 
ters very little that some of that improvement results from incidental train- 
ing to listen in noise. The question would seem to be more academic than 
practical. There is, however, a certain amount of evidence which points 
to the conclusion th-t most of the improvement f:>und is on the speaking 
side. In some experiments, where different training methods and procedure 
have been tried out, definite and sizeable differences have been found 
between certain methods. These differences frequently have not been in 
the direction that one would have predicted on the hypothesis that all, 
or the bulk, of the improvement found was due to increased skill in listening. 
In fact, in some cases, the methods which have been found to be less effactive 
were those in which the subjects had the moBt opportunity to listen to other 
subjects under conditions of noise, and hence to get practice which would 
improve their listening skill. 

RESULTS FOLLOWING TRAINIHG 

Results obtained from three typical training experiments will be pre- 
sented and discussed. The basic data from these experiments are summarized 
in Tables I, II and III. The column headings Initial Tftst and Finn! Test 
are self-explanatory. JJ indicates the number of subjects composing the 
experimental training or control groups. The columns headed Gain present 
the raw improvement scores, obtained by subtracting the initial test mean 
from the final test mean. The data in the Adjusted Gain columns ore these 
raw improvement scores adjusted for group differences in initial test score. 

f / /./ 
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o tibia X.   ttaÜtt QtUlPJd fj« Itttd Tntal liability Teuf for Three 
faBjElflflPlfl]   Tr»1n1ng CT-nnp« anri * Control  Group.   Groun Maana 
for Tnltlal T««t..  Final Jjflj, Gain,  and Adluatad Gain.    Train- 
lM Parted,r Tiro Hours 

Initial 

Method A 
Method B 
Method C 
Control 

Table II. 

41 
89 
85 
41 

41.7 
40.8 
42.7 
87.8 

Final 
III*. 

62.2 
60.8 
81.8 
48.1 

10.6 
10.0 
9.1 
5.8 

Adjusted 

11.0 
10.1 
9.9 
4.1 ':3s 

lUault.« Obtain«* from Word TntaU1g1Mltt.v Testa for Six 
gypprlmant/.l  Twining Group«.    Group lleana for Initial Teat. 
Finn!  T.,tr   r,«lnr   and  Adluatad Gain.     Training Period - Three 
EQUEA 

o 
ft 

28 
26 
27 a 
80 
27 

Initial 
It at.., 
50.1 
58.4 
46.0 
52.4 
45.0 
58.9 

Final 

59.0 
61.6 
69.4 
61.6 
68.8 
67.4 

dn 

6.9 
8.1 

18.4 
9.1 

18.8 
18.6 

Adjusted 
fi«1n 

Method A 
Method B 
Method C 
Method D 
Method E 
Method F 

9.0 
10.5 
10.5 
10.8 
15.1 
16.5 

Table III. Raaulta OHfca1n«d from Word Int.alliBih1.lltv Taata for Four 

Final  T«at.r 

fieia a 
Initial 
Seat .. 

Final 
taat_ 

Adjusted 
gala 

Method A 
Method B 
Method C 
Method D 
Control 

54 
85 
87 
85 
88 

50.4 
58.8 
54.9 
49.8 
54.1 

70.6 
71.1 
69.0 
70.1 
58.9 

20.2 
17.8 
14.1 
20.8 
4.8 

18.8 
18.1 
15.7 
18.7 
5.8 

o 
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This adjustment is necessitated by the fact that a consistent ten- 
dency exists for ths amount of gain, made by on individual or a group, 
to be related to ths initial tact score of the individual or group.   The 
natura of this relation is that of a negr.tive correlation between initial 
«core and gain.    Otlwr things equal, the relatively poor individuals or 
groups on the initial test make greater gain then do those who score rela- 
tively high on the initial test (see Table VI and Fig. 5).   These differ- 
ences in improvement ore no djubt real, but when the prcbl-sm is to evaluate 
the rslativa effect!vaiess of different training procedures, or the 
relative improvament of trained groups cnd control groups, the difficulty 
arises that the comparisons to be mads ar» affected by differences in 
initial status of the particular groups involved.    A different assipnmant 
of procedures to groups might produce different apparent aclvantafa in 
unadjusted gain for the groups compared.    One method of avoiding this 
difficulty is to insure that groups are relatively well matched at the 
beginning of the experiment.    This can be done either by transferring 
subjects from jne group to another, until ths grcupr are fairly w*ll 
matched, or by training til subjects up to a eivai level of proficioncy 
before ths start of the experiment.    Either a=thcd insurss relative equa- 
lity of groups at the outset of the experiment.    However, the first of 
these is administratively impossible, in ths present instance, and the 
second is too time consuming.   Fortunately, »here th* correlation between 
the control variable (Initial Score in this instance) «nd the criterion 
variable (Gain Score) is reasonably rectilinear,* this matching can ba 
done statistically.    Through the use of analysis cf covariance, the regres- 
sion of the initial test scores on gain can be used tj adjust the g:in 
scores to allow fur initial differences between groups.**    These adjusted 
gain scores are the figures found in the column headed Adjusted ficjji. 

The way in which this adjustment operates may be Blade clearer by 
an illustration.    In Table II it will be noted that the group trained 
by Method C hod a gain score, before adjusts: ent, of 15.4 score points, 
while the group trained by Method D had an unadjusted gain score of 9.1 
score points.    Those date, taken by themselves, would seem to indicate 
an advantage for Method C.    It will be noted, h jwev.-r, thit the Method 
C group had a relatively low initial test mean (-i6.0), while the initial 
test mean of the Method D group wr-.s substantially higher (52.l).    Because 
of the negative correlation between initial score and gain, we know that 
this fact alone would give an advantage to the Method C group with respect 
to their unadjueted gain score, quite -ipart froia any differences in effec- 
tiveness of the training methods that were used.    Until ths appropriate 
adjustment of these gain scores is made, therefore, it is not possible 
to come to any conclusion concerning the relative merits of the tw.-. methods. 
As will be seen fron the t^ble, the adjusted gain scores for these two 
groups show the difference between the two methods to have been negligible. 

Q 

Tests of linearity of regression between the initial scores and the 
gain scores have been applied for all experiments.    In no case has there 
been any departure froa linearity which approached significance. 

Cf. Lindquist,  £. F.,  B^tlsticn! Analysis iß SäUSCMSBül BfiflBtffih» 
Houghton-Mifflin, New York, 1940, Chap. VJ. 
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Bw adjusted gain scores provide the best index by which to evaluate the 
improvement cf the various expariuental training and control groups. These 
adjusted gain scores are given graphically in Figures 2, 5, and 4. 

Further reference to Tables I - III gives some indication of the rela- 
tive amount of improvement in intelligibility that may be expected with 
training. It should be remembered that all of these groups had been given 
preliminary instruction concerning the use of the equipment bofor* the 
initial test was administered. They had been instructed with respect to 
th* proper wr-y to hold the microphone and proper fitting of the headsets. 
Recently published results from another laboratory*' have shown that sub- 
stantial improvement in intelligibility may result, with untrained subjects, 
from vary brief instruction in proper holding cf the microphone. Improve- 
ment from this source has been purposely eliminated in the present experi- 
ments, by the preliminary instructions. Hence, the improvement shown by 
the data may be attributed almost entirely to the training received by these 
subjects in voice technique. 

Although these experiments were net designed to evaluate the relative 
effectiveness of various lengths of training time, and there ore too many 
differences between the experiments other than the time factor ty permit 
accurate conclusions on this matter, some rough indications are shown. 
The best of the three methods for the groups trained for a two-hour period 
(Table I) yielded an adjusted gain of eleven score paints. Among the 
groups trained far three hsurs, the best two methods produced adjusted 
gains of fifteen to sixteen score points. Among the groups trained for 
six hours, the best two groups show an adjusted gain of almost nineteen 
score points. It would seem, therefore, that there is on increase in 
improvement with increased training time. An experiment, now in progress, 
has been designed to give a more caraful determination of this function. 
Results will be published shortly. 

It has already bean pointed out that the control groups also tended 
to show a certain amount of improvement, and possible reasons for that 
have been discussed. It can be seen, however, in Tables I and III and 
in Figures 2 and 4 that the trained groups, in all cases, showed substanti- 
ally greater improvement than did the controls. A statistical analysis 
of these comparisons between the trained groups and their respective 
controls is presented in Tables IV and V. Table IV shows that as little 
as two hours of training produced improvement greater than that of the 
control group, by amounts which wen statistically significant bsyond 
the 1% level of confidence. The groups trained for six hours (Table V) 
compare even more favorably with their control group. 

o 
*  factors fialaissi io. lbs IatftLUglbilUy a£ lautere JA jfeias, ic-60, 

Psycho-Acoustic Laboratory, Harvard university. 
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Training Method 

Figure 2.   Comparison Between  Adjusted 
Mean Cain of Three Groups 
Trained for a Period of Two 

aura and a Control   Group. 

Training Method 

Figure 3.   Comparison Between Adjusted 
Mean Gains of Sli Groups 
Trained for | Period of 
Three Hours. 

A B C D    Control 

Training Method 

Figure 4.   Comparisons Between Adjusted 
Menn Gains of Four Groups 
Trained  for  a Period of Six 
I'ours  and Control   Group. 
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TAU« XV.     fl^mp«*««. „t tmmtiwi». Tn.mrf  for Jam Tw.lnttH   fr.T» Tin 
Hflurn Mitt Cantral tana 

CampnrtBfln 

Method A v. Control 
Method B v. Control 
Method C v. Control 

Difference In 
Ariluntad flnja 

6.9 
6.0 
5.8 

Sigma of 
MUMaam 

£.14 
£.17 
2.28 

8.248 
2.761 
2.614 

Value of t required for significance at the It level of confidence - 
2.676. 

Difference In Signa of 
1 

Method A v. Control 
Method B v. Control 
Method C v. Control 
Method D v. Control 

1S.0 
12.5 
9.9 

12.9 

2.05 
2.01 
1.99 
2.01 

6.879 
6.104 
4.980 
6.388 

Value of t required for significance at the ljl level of confidence 
2.676. 

Tha data uf Table II and Figure 5 were included mainly to show that 
there are differences of appreciable magnitude among training procedures. 
Methods G and F yielded substantially greater improvement than did the 
other four. Statistical analysis shows these differences to be significant. 
It is not the intent of this report to discuss in detail the specific 
procedures involved. That material will be presented in other reports. 
The important point is thtit, for maximum results, careful consideration 
must be given to the particular training procsdures to be employed. 

Table VI and Figure S present data showing improvamait by quartiles 
for groups trained for a period of six hours and for their control group. 
For this tabls all trained groups in Table III hav« b=.en combined. The 
quartile division was made on the basis of the initial test scores. 
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Figure 5. Improvement by Quartile» of Group«. Trained 
for Six Hour». Compared with Improvement by 
Quartlle« of a Control Oroup. The white 
portion» of the bare repreeent the Initial 
test Keane. The white portion» plue the 
cross-ruled portion» repreeent the final 
test mean», except for the let quartlle of 
the control group. In this caee there was a 
loee In «core froa the initial to the final 
test, and the portion of the bar below the 
dotted line represents the final test mean. 
The gains in Intelligibility score, repre- 
sented by the croes-ruled portlone, are 
given in numeral a at  the tope of the bars. 
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Table vz.   Jmacaual fey fluartll« as a flgpuJLt at Training■   flrouBfi 
TrnJLmm fnr SI« Hours Bamaaad to a Control Scam 

Ourttl»* 

TilAINED GROUPS 

Initial     Final 
Teet        Test 
Mann          Mann        fiaifi, 

65.8 75.6         7.8 
56.9 70.0       15.1 
49.5         70.6       21.1 
56.9         66.1       29.2 

CONTROL GROUP 

Initial     Final 
Test         Test 
Mean          Mean        fiflJA 

66.8 64.4       -2.4 
58.9 61.8         2.9 
50.8         57.6         6.8 
40.7         54.0       IS.S 

Difference 

:* ■■/■ V; 

let 
2nd 
ord 
4th 

10.2 
10.2 
14.5 
15.9 

''■"'. 

The considerable increase in improvement from the first to the fourth 
quartiles should be notad.    Previously, attention was celled to this rela- 
tionship, in the discussion concerning adjustment of gain scores.    This 
tendency for the initially poorer individuals to show the greater gU.n is 
not an unusual phenomenon in learning experiments; but it appears to be 
sufficiently marked, in this instance, to deserve special mention.    The 
same tendency is shown by the control group.    The first quartile of the 
control group actually showed a loss in intelligibility from the initial 
to the final test.   However,  the N for each quartile, in this group, is 
too small to permit any importance to be attached to this smr.ll change 
in score. 

It will also be noted that, although rather wide differences exist 
among the four quartiles on the initial test score, most of these differ- 
ences have disappeared en the fined test.    On the final test, the mean 
score of the fourth quartile is only 7.5 score points beluw the mean score 
of the first quartile, whereas on the initial test,  thsre was a difference 
of 28.9 score points. 

Probably one of the best comparisons, to indicate what training can 
accomplish, may be obtained from the data of Table VI by studying the per- 
formance of the lower two quartiles.    It is reasonable tc suppose that these 
initially poorer subjects, unless they receive adequate training, will be 
responsible for a major portion of pi,or communication later.    It will be 
noted that the mecn score for the lowest quartile on the final test, 
following training, is actually higher than the ni-jsn score of th-i upper 
quartile preceding training, and is equally as high as the jaecn score for the 
upper quartile of the control group, on  .tther thv initi;.! or th-, tim.l test. 

The division into quartiles 
scores. 

was made on the distributions of initial test 
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O Stated somewhat differently, the average score of the individuals in the 
nojjMflt twenty-five per nent of the subjects, prior to training, has increased, 
as a rasult of six hours of training, to the point «here they are the ejauil» 
PA Ihfi average,  o£ Uu highest twentv-flv* JU£ &Ü0& SX untrained BSitatoCft.    The 
maun score of the third quartlle following training is even higher.    Thece 
figures indicate that training can contribute considerably towards increasing 
communication efficiency. 

O 

I ! 

Q 

A statement ought to be made concerning thä characteristics of the 
subjects who have served in the above reported experiments. They were 
pilot cad-its in the first four weeks of basic training t;t the Waco Army 
Air Field. They may be presumed to be a i'eir sample of pilot ccdets through- 
out Army Air Forces. It is the unanimous opinion of the laboratory, including 
Dan who have, been teachers of speech in colleges ;md universities for 
Boms years, that the ordinary speech of the average cadet was good, certainly 
above the cvsrage of the general population. Occasionally r. subject would 
be classed as poor, who had bad articulation or pour pronunciation, or a 
bed voice, but such men were exceptions, and rather nvn ones. Some of the 
man, indeed, hod speech which would be classed as superior. More then  a 
few had taken courses in speech in high school or college. Two or three 
had been radio announcers. Yet oven these men with superior speech showed 
improvement in intelligibility for speaking in noise, following training, 
by amounts that are statistically significant. This is important in evalu- 
ating the need for this type of training. It m-jans that gjod speech, as 
one ordinarily thinks of it, is not sufficient to insure maximum intelli- 
gibility over the interphone and radio under conditions of loud noise. 
Intelligible speaking under these conditions is a special problem, demanding 
special training. 

It should be remember 3d that the training with which these experi- 
aents have been concerned has been training in voice technique only. 
All the results that have been reported h*.ve been based en training; pro- 
cedures «boss objective has b^ai to teach the men to speak and us'e their 
voices in a manner which would increc.se their intelligibility as Mich as 
possible. A well-rounded curse in voice communication w.uld, of course, 
includi more th:ji that. It would give the men practice in proper use of 
equipment and correct use of stundard radiotelephone procedure. Man}' 
reports reaching this laboratory have indicated that there is considerable 
room for improvement in the latter of these, etpecitdly. Adequate training 
in this regard ought to provide an increase in the efficiency of voice 
communication which does not appear tit all in the above reported results. 

A final point concerns the practicability of fitting a training pro- 
gram in voice communication into the already crowded curricula of Army Air 
Forces training schools. It has been shown that significant improvement, 
compared to control subjects can be produced with as little as two h.urs 
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( of training. Hie longest training period for any of the experiments, herein 
reported, «as six hours. The addition of training in radiotelephone proce- 
dure and use of equipment sight increase this time a slight amount. How- 
ever, there is reason to believe that the training in voice technique cnn, 
to s.-ra-i extent, be effectively combined with training in standard prcceuure. 
In fact, most of the drill und practice materials used in the laboratory 
training experiments have been messages phrased in standard procedure lioi- 
guage. It is the opinion of the laboratory that -ji effective training 
progr-iu, combining training in ell of these skills, could be offered in 
six hours. Even shorter periods would be expected to produce substantial 
improvement, but maximal results could scarcely be expected in less time. 
It would seem, therefore, thr.t not only has it been demonstrated that train- 
ing in voice communication can be effective, but the desired results can 
be obtained without exceeding practical time limitations. 

o 
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for careful working out of most advantageous procedures.   A breakdown of the data into quartiles on 
the basis of the initial test scores shows that the subjects who scored lowest on the initial tests make 
the most marked improvement. 
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